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ABSTRACT 
The allozymic variation at the esterase-6 locus was examined in fourteen 
samples of natural populations of Drosophila simulans collected in two different 
localities. The samples were collected from different species of fruits in the two 
localities and from banana baits located some meters apart from the fruits. 
The analysis was done by sequential electrophoresis, using varied gel concen- 
trations and buffers. By this technique, we detected 27 alleles at the esterase-6 
locus, where only five alleles were detected by the usual method. The results 
obtained suggest that habitat choice alone may not be a selective factor, but 
may be selective in combination with other environmental factors. 
HE application of electrophoretic techniques has revealed extensive variation 
i n  natural populations of most organisms. This finding has generated great 
controversy concerning the adaptive significance of this variation. One approach 
to studying the nature of these genes is to find a relationship between environ- 
mental heterogeneity and the amount of genetic variation in natural populations 
(KOEHN and RASMUSSEN 1967; JOHNSON et al. 1969; HAMRICK and ALLARD 
1972; TAYLOR and POWELL 1977) and in the laboratory (POWELL 1971; Mc- 
DONALD and AYALA 19 74; POWELL and WISTRAND 1978). 
Significant associations between allelic frequencies of esterase loci and en- 
vironmental factors have been described in insect species: BURNS and JOHNSON 
(1971) in the butterfly Hemiargus isola; KOJIMA et al. (1972) in D. pavani; 
SCHAPFER and JOHNSON (1974) in D. melanogaster; ROCKWOOD-SLUSS, JOHN- 
STON and HEED (1973) in D. pachea; TSUNO (1975) in D. virilis; SAUL et cd.. 
(1978) in the mosquito Aedes triseriatus; MULLEY, JAMES and BARKER (1979) 
in D. buzzatii. Most of the described polyrnorphisms appears to be maintained 
by spatial environmental heterogeneity. 
The purpose of the present study was to analyze the genetic variability of 
natural populations of D. simulans by the use of sequential gel electrophoresis 
(SINGH, LEWONTIN and FELTON 1976; COYNE 1976) and to examine the pos- 
sibility of a genotype-environmental relationship that could explain the main- 
tenance of this variation. Supposing that habitat choice may produce micro- 
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geographic variation, we compared allele frequencies at the esterase-6 locus of 
adult males of D. simulans collected over banana baits and in adult males 
emerged from four different species of fruits. I n  order to detect some temporal 
heterogeneity, the collections were done in different seasons. 
MATERIALS AND METHODS 
Samples: Collections were taken from two localities: Itapuii (60 km south from Porto Alegre, 
RS, and EstacZo Experimental Agron6mica=UFRGS (40 km west of Porto Alegre). The lo- 
calities were subdivided into areas according to the ecological conditions and with regard to the 
kind of fruit that matured during the different seasons (Table 1). The locality of Itapuii was 
divided into 2 areas: area I1 is located near the Lagoa Negra, where it is humid and shadowy; 
area I11 is drier, more inaccessible and has thicker vegetation. 
The EstacZo Experimental Agronomica (EEA) has a special characterization because it 
contains "capoes," islands of woods in  the grassland region. 
Collections were made during the summer and winter months over a period of two years to  
detect the possibility of seasonal variability. 
Electrophoretic analysis was carried out only in  males, because they showed a higher activity 
of esterase-6 relative to females. We analyzed electrophoretically adult males of D. simulans 
emerged from 4 species of fruits: Arecastrum romanzoffianum (little coconut), Maba in- 
constans (jacu macho), Ficus organensis (ficos) and Butia eriospatha (butiA do campo). The 
naturally decaying fruits were brought to the laboratory in plastic bags, distributed in culture 
bottles and maintained at  25O until adults emerged. Six or 7 days after the emergence, the flies 
were analyzed electrophoretically. 
Banana baits were placed some meters apart from each species of fruits analyzed. The flies, 
collected by sweeping a net over the baits, were brought to the laboratory and then submitted to 
electrophoresis. 
TABLE 1 
Records concerning collection date, kind of bait, collection site, area and number of 
D. simulans adult males assayed 
Number of 
Collection date Kind of bait Collection site Area adults assayed 
23 Aug 78 Little coconut-3 Itapu5 I11 98 
IOSep 78 
10 Sep 78 
07 Sep 78 
06 0ct 78 
06 0ct 78 
20 Mar 79 
20 Mar 79 
20 Mar 79 
23 Mar 79 
l5Apr  79 
20 Apr 79 
20 Apr 79 
20 Apr 79 
Little coconut-2 
Banana-3 
Little coconut-2 
Little coconut-1 
Banana-1 
Banana-2 
Banana-3 
Ficos-3 
Butiti 
Jacu macho 
Banana-3 
Jacu macho 
Banana-1 
Itapuii 
Itapuii 
f EEA 
EEA 
EE A 
Itapuii 
ItapuS 
Itapuii 
ItapuZ 
Itapuii 
EEA 
EEA 
EE A 
Total 1289 
Â¥{ EEA = Estagzo Experimental Agronomica. 
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Electrophoresis: acrylamide gel electrophoresis was used with the discontinuous buffer system 
described by POULIK (1957). Each individual was examined by the serial use of 4 different elec- 
trophoretic conditions according to SINGH, LEWONTIN and FELTON (1976), except that we used 
6% and 8% gels and, for each concentration, two different buffer pH's (8.65 and 7.45). Esterases 
were detected by the method of BECKMANN and JOHNSON (1964). 
To avoid the possibility that this method could reflect differences between samples that are 
not due to variations of the locus itself, individual wild-caught females were isolated in  the 
laboratory and assayed with 8 to 10 offspring. 
We classified the alleles according to COYNE (l976), measuring the electrophoretic mobilities 
relative to a standard allele run on the same gel under each of the four electrophoretic conditions. 
The most common allele that was used as standard was called est-61.00/1-00/1-00/1-00.  
RESULTS 
Table 2 presents the allelic frequencies at the esterase-6 locus in all the sam- 
ples of D. simulans analyzed. Twenty-seven alleles were detected by the tech- 
nique of sequential gel electrophoresis, rather than only five alleles detected 
by the usual method (6% acrylamide gels, pH 8.65). 
The more frequent allozymes showed a pattern of distribution very similar in 
all the samples. The est61~00~1~00~1~00~1~00 allele was the most common in all the col- 
lections, ranging in frequencies from 0.520 to 0.818. The second most common 
in frequency was est/6-90~-go~-'"'~-91, which ranged from 0.151 to 0.290. 
The pattern of distribution of the least frequent allozymes was very irregular. 
The est-61-00~1-00~1~00~-"8 allele was detected in the samples collected in 1978, rang- 
ing from 0.020 to 0.080, but was almost absent in 1979. Nevertheless 
-98/.98 was detected in the collections of 1979 (ranging from 0.005 to 0.029), but 
it was rare in 1978. 
Samples from Ztapuii (collections of 1978) : Ten alleles could be identified at 
the esterase-6 locus. The allelic frequencies were significantly different among 
the collections (contingency x2 = 23.69, df = 6, P < 0.001). A pairwise test for 
homogeneity showed that the allele frequencies of the samples from little coconut 
(coc. 3 and coc. 2) differed significantly (x2 = 17.72, df = 3, P < 0.001). In- 
spection of the allele frequencies suggests that this is due primarily to the high 
occurrence of the est-61-00~~g8~1-00~1-'"' allele, which appeared at a frequency of 
11.2% in coc. 3 and was absent in the sample of coc. 2. Only the sample of coc. 2 
was in Hardy-Weinberg equilibrium. There was a significant excess of homozy- 
gotes for the most frequent allele for coc. 3 (x2 = 12.51, df = 1, P < 0.001) and 
for the banana collection (x2 = 5.58, df = 1, P < 0.02) . 
Samples from Itapud (collections of 1979) : Twenty-three alleles were detected. 
A contingency x2 test showed that allele frequencies are significantly different 
among samples (x2 = 31.89, df = 9, P < 0.001). Nevertheless, a pairwise test 
for homogeneity of allelic frequencies between the two banana samples indi- 
cated that they do not differ significantly (x2 = 3.79, df = 3, P < 0.20), although 
they were taken from different areas. 
The deviation from Hardy-Weinberg proportions was detected only in the 
"buti6" sample (x2 = 16.24, df = 1, P < 0.001). This deviation was due to an 
excess of homozygotes. 
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TABLE 2-Continued 
Itapu6 (1978) EEA (1978) ItapuS (1979) EEA (1979) 
Alleles Coc. 3 Coc. 2 Ban. 3 Coc. 1 Coc. 2 Ban. 1 Ban. 2 Ban. 3 But. Fie. 3 Jac. 2 Ban. 1 Ban. 3 Jac. 3 
1.00/0.98/1.00/0.98 
0.98/1.00/0.98/0.98 
1.00/0.98/0.98/0.98 
0.98/0.98/0.98/0.98 
0.92/0.92/0.92/0.92 
0.90/0.92/0.90/0.91 
0.90/0.90/0.92/0.91 
0.90/0.90/0.90/0.92 
0.90/0.90/0.90/0.91 
0.90/0.88/0.90/0.91 
0.90/0.90/0.88/0.91 
0.89/0.89/0.89/0.89 
Genes sampled 
Number of alleles 
Unique alleles 
Heterozygosity 
. - 
* From A L B ~ ~ ~ E R ~ U E  and NAFF 1980. 
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The allelic frequencies in the banana samples from Itapu5 collected in 1978 
and 1979 showed a contingency x2 of 9.36 (df = 3, 0.05 > P > 0.02). 
Samples from EEA (collections of 1978) : Thirteen alleles were detected. The 
banana sample showed the lowest frequency of est -61~00~1~00~1~00~1~00  (52%). A 
pairwise test to detect heterogeneity between the two coconut samples proved 
negative, although the coconut samples differ significantly from the banana 
sample (x2 = 48.5, df = 4, P < 0.001). Hardy-Weinberg test for equilibrium 
showed a deviation from the expected in only the banana sample (x2= 4.56, 
df 1,0.05 > P > 0.02), due to an excess of homozygotes. 
Samples from EEA (collections of 1979): Seven alleles have been detected. 
A contingency x2 test indicated that the allele frequencies do not differ sig- 
nificantly among samples ( x k  2.42, df = 2, P > 0.20). All of the samples were 
in Hardy-Weinberg equilibrium. 
The allelic frequencies were significantly different among the banana sam- 
ples from EEA collected in 1978 and in 1979 (x2 = 60.28, df = 2, P < 0.001). 
A contingency test for homogeneity involving all the samples analyzed in the 
present study revealed significant differences with respect to allelic frequencies 
(x2 = 264.64, df = 39, P < 0.001). For this test we considered four allelic classes: 
(A) (the most frequent allele) ; (B) (the second most frequent allele) ; (C) (al- 
leles that appeared at a frequency equal to or more than 3% in at least one 
sample) ; and (D) (alleles with a frequency lower than 3%). 
Expected heterozygosities have been calculated according to HUBBY and LE- 
WONTIN (1966). The estimated values vary from 0.297 (butih) to 0.499 (banana- 
Eldorado, 1978). 
DISCUSSION 
A series of recent investigations has shown that genetic polymorphisms could 
be maintained if flies of different genotypes showed different habitat preferences. 
Thus, if different genotypes select the microhabitat in which they were more 
fit, variation could be maintained without heavy genetic load (TAYLOR 1975). 
TAYLOR and POWELL (1977) report that populations of D. persimilis separated 
by a distance of only a few hundred meters exhibit significant differences in 
allozyme frequencies. A similar situation was described by RICHMOND (1978), 
who showed that collections of D. affinis within a 40 X 75 m area can be ge- 
netically differentiated, as determined by heterogeneities in allozyme frequen- 
cies. However, ATKINSON and MILLER (1980) failed to detect individual habitat 
choice in D. subobscura. 
With reference to the Est-6 locus in D. simulans, significant differences in 
allele frequencies were detected between the coc. 3 and coc. 2 samples (Itapus, 
1978). It is possible that this difference resulted from the fact that the flies were 
collected from different areas: coconut palm 2 is located near the Lagoa Negra, 
where it is humid and shadowy; whereas, coconut palm 3 is located in a drier 
place. However, the banana samples (Itapus, 1979) collected from the same 
areas were not statistically different. Significant differences in Est-6 allelic fre- 
quencies were detected among samples collected in different kinds of baits 
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(ItapuEi, 1979). These results may be explained if flies with different genotypes 
can discriminate between different microhabitats. 
Of course, we must consider the ~oss ib i l i t~  that many flies that emerged from 
the decaying fruits might have come from a relatively small number of broods. 
In this case, the differences in allele frequencies among different species of fruits 
could be due to sampling errors, because the number of parents responsible for 
the flies analyzed might be smaller than the sample size. 
It is not easy to decide whether the observed variation at the Est-6 locus is 
determined by random drift or by selection. Although we do not have evidence 
that the entire population mates at random, we do not believe that the gene fre- 
quencies among samples will vary by chance alone. D. simulans is a cosmopoli- 
tan species available year round, has a tremendous colonizing ability, and main- 
tains a population large enough to prevent random changes. Furthermore, the 
wide geographic distribution and the large number of niches explored by D. 
simuluns both suggest the requirement of some polymorphism of adaptive sig- 
nificance. 
Temporal heterogeneity in allele frequencies was observed when comparing 
banana samples collected in 1978, (end of winter) and 1979 (end of summer) 
at both localities. Few studies have been conducted on the seasonal variability 
in allele frequencies (ROCKWOOD-SLUSS, JOHNSTON and HEED 1973; DOBZHAN- 
SKY and AYALA 1973; STEINER 1979), although BRYANT (1974) considers that 
the major trend of genetic variation seems intimately associated with temporal 
variation in the environment, while the remaining trends, in some cases, may 
be related to other parameters, including spatial heterogeneity. 
Post-translational modification of some enzymes by gene products of distinct, 
independently acting loci in D. melanogaster has been reported by COCHRANE 
and RICHMOND (1 979) and FINNERTY and JOHNSON (1 979). Although it is still 
unknown whether or not post-translational modification is a widespread phe- 
nomenon in natural populations, second-site modifiers could be responsible for 
the extensive variations detected by varying gel, pH and other conditions of 
electrophoresis (JOHNSON 1979). 
Variants of the Est-6 locus in D. simulum studied in the present work do not 
seem to result from post-translational modifications because: (1) although there 
are too many rare alleles, they were observed most of the time in heterozygous 
combination with more common alleles ( 2 )  most of the samples analyzed were 
in Hardy-Weinberg equilibrium and (3) crosses carried out in D. simulans indi- 
cated that at least some of the variants at the Est-6 locus detected by sequential 
electrophoresis segregate in Mendelian proportions. 
The observed results can be explained by a genotype-environment relationship 
that accounts for the frequencies of the various allozymes. Nevertheless, there 
is no guarantee that the locus under study was the one of interest or if it was 
closely linked to other loci that were under selective pressure. This is particularly 
important when inversion polymorphism is involved (PRAKASH 1976; and oth- 
ers). However D. simulans seems to be chromosomally monomorphic (CARSON 
1965). DOBZHANSKY (1939) described one inversion in chromosomes 2, but the 
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Est-6 locus is in chromosome 3 (TRIANTAPHYLLIDIS and CHRISTODOULOU 1973) 
and is, therefore, not linked to this inversion. The results obtained suggest that 
the differences in allele frequencies at the Est-6 locus in D. simulans may not be 
due to habitat choice alone, but we believe this to be an important factor in com- 
bination with other environmental factors. 
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